Ten male and 10 female rats from each of seven strains were fed a grain ration for 10 or 20 weeks from weaning. Body weight and body fat of these rats were compared with those of 20 rats of the same age and sex fed a ration containing 60% hydrogenated fat. Also, five male and five female rats of the same seven strains were killed at weaning. Mean weanling weights and the percentage of hody fat for the seven strains of rats were similar. Mean weights of five male rats fed grain for 20 weeks ranged from 304 g for S 5B/P1 rats to 445 g for Osborne-Mendel rats; for five female rats, mean weights ranged from 163 g for S 5B/P1 to 301 g for OsbornjMendel rats. Male rats fed the high fat ration ranged in weight from 346 g for S 5B/P1 to 693 g for Osborne-Mendel males. Females fed the high fat ration ranged in weight from 170 g for S 5B/P1 to 452 g for Osborne-Mendel rats. After 20 weeks of experiment (at 23 weeks of age), carcasses of both male and female rats fed grain contained from 10 (S 5B/P1) to 16% fat (Sprague-Dawley).
In some human families all or nearly all members are obese. Other families appear to be free from obesity. This has led to the assumption on the part of many investi gators that, for the family whose members are overweight, the children have been ex posed to overeating at an early age. Con sequently, the environmental rather than the genetic factor has been emphasized as the primary cause of obesity. Yet, even in countries where food is plentiful and read ily available, and where expenditure of energy is minimal, many individuals main tain an "ideal" body weight throughout their lives. These people adjust their caloric intake to expenditure of energy without any conscious effort.
A number of investigators have sug gested that genetic factors may be involved in human obesity; for reviews, see (1, 2) . Studies of obesity in twins (3) and other near relatives of obese individuals (2, 4â€"6) have a number of limitations. These in clude the difficulty of securing data on food intake and physical activity over a long term. Although genetic data obtained from humans can be evaluated statisti cally, designed verification of any sugges tions that might develop from such statis tics is not feasible because mating cannot be controlled.
Studies with rats have indicated differ ences among strains in their propensity toward obesity when fed a ration high in fat (7) . Similar observations have been made with mice (8-10). Therefore, it appeared possible to approach the genetic aspects of dietary obesity by experiments with animals.
As an approach to this problem, the present report provides data on the gains in body weights and body fat of seven strains of rats fed a semipurified diet high in fat or a grain ration low in fat.
METHODS
Twenty male and 20 female rats from each of the following seven strains were used : Osborne-Mendel, Sprague-Dawley, Hoppert, Wistar-Lewis, Hooded, M.S.U. Gray and S 5B/P1.2 For the rats born in the laboratory, littermates were distributed between high fat and grain rations accord ing to sex and body weight. Because wean ling Sprague-Dawley and Hoppert rats were obtained from outside sources, littermates could not be chosen. From weaning these rats were fed either a high fat ration or a grain ration. The percentage com position of these rations and their calorie content are presented in table 1. The rats were allowed free access to feed and water. Food consumed for each week was re corded in grams for individual rats. This was done for the entire 10 or 20 weeks of the study. Rats did not spill the high fat ration but corrections were made for the small quantities of grain ration which were spilled. In addition, food cups containing grain were secured to the front of the cage to prevent the rats from tipping over the cups. Throughout the study, all rats were housed in individual screen-bottomed cages in a room maintained at 25 to 27Â°. For each strain, 20 rats (five of each sex fed the high fat ration and five of each sex fed the grain ration) were killed 10 weeks after weaning; the 20 remaining rats in each strain were killed 20 weeks after weaning. At necropsy, fat depots were dissected free of the carcass (11) and weighed for another purpose,3 then com bined again with the appropriate carcass in a jar for autoclaving. Subsequently, the entire carcass was homogenized with water and analyzed for fat (12, 13) .
The effects of sex, age, strain, ration, and interactions among these effects were evaluated by analysis of variance, using the procedure of unweighted means (14) . Mean body weight and mean percentage of body fat of each strain of rat were com pared statistically to the Osborne-Mendel rats of comparable sex, age and diet by means of Dunnett's test (15) .
RESULTS

Effect of ration on body weight and body fat. In all cases, rats within the same
age, sex and strain that were fed the high fat ration were heavier (table 2) and had a higher percentage of body fat (table 3) than rats fed the grain ration. The mean effect of ration over all groups was statis tically significant (P<0.01) for both traits (table 4) . For rats of the same sex and age, the effects of ration contributed 40% of the total variation of body weight and 74% of the variation of body fat.
Since all interactions were significant (P<0.01, table 4), body weight differ ences between the rats of each strain fed the grain ration and those fed the high fat ration for 10 and 20 weeks are plotted for males ( fig. 1 , left) and females ( fig. 2 , left). At 20 weeks, the largest differences occurred in the Osborne-Mendel strain where male and female rats fed grain had body weights that were, respectively, 64 and 67% of the weights of those fed the high fat ration. Corresponding values for males and females of the Wistar-Lewis strain were 70 and 66%, respectively. However, Wistar-Lewis rats, regardless of ration fed, weighed much less than Os borne-Mendel rats (table 2) of the same sex and age. Rats of the Sprague-Dawley, Hoppert, Hooded and Gray strains that were fed grain weighed from 70 to 88% of the rats of the same age and sex that were fed the ration high in fat content. The S 5B/P1 rats fed the grain ration for 20 weeks fol lowing weaning, weighed essentially the same as those fed the ration high in fat (figs. 1, left and 2, left).
Except for the S 5B/P1, rats fed the high fat ration, regardless of strain, age or sex, had 2 to 3 times more fat per 100 g of carcass than did rats fed the grain ration (table 3) . Fat, regardless of strain, age or sex, accounted for much of the additional body weight associated with feeding the high fat ration (figs. 1, right and 2, right).
When rats were fed high fat, some re duction in intake occurred as evidenced by the reduced weight of diet consumed (table 5) but this was insufficient to com pensate for the caloric density of the high fat ration. For high fat-fed males the in crease in caloric intake was: 1) OsborneMendel, 25% ; 2) Sprague-Dawley, 20% ; TIME ON EXPERIMENT (WEEKS) 3) Wistar-Lewis, 12%; and 4) Hooded, 17%. For females these values were: 1) Osborne-Mendel, 18%; 2) Sprague-Daw ley, 8% ; 3) Wistar-Lewis, 4% and 4) Hooded, 8%. Mean increases in caloric intake when fed the high fat ration were 6% for both male and female Hoppert rats. However, there were large individual variations sug gesting that either this strain was not highly inbred or that some of these ani mals were better able to regulate their caloric intake when fed either ration. Body weight and body fat also varied widely in any one group of Hoppert rats regardless of diet fed. Gray males fed the high fat ration ate 10% more calories than their grain-fed littermates. Gray female rats fed either ration consumed the same quantity of calories. Both male and female S 5B/P1 ate about 5% more calories when fed the high fat ration than when fed grain.
Effect of strain on body weight and body fat. In general, strain differences in body weight and body fat were statistically sig nificant (P < 0.01, table 4). For rats of the same sex and age, strain differences contributed 40% of the total variation of body weight but only 13% of the varia tion in percentage of body fat. OsborneMendel rats were consistently the heaviest, except at 10 weeks for the Sprague-Dawley male and female rats fed grain and only females fed high fat, and the Wistar-Lewis male weanling rats. At weaning, body weights for most strains of rats were simi lar. S 5B/P1 weanling rats were always the lightest of all weanling rats and for females, the difference from Osborne-Men del females was statistically significant (P < 0.01, table 2). Osborne-Mendel rats fed grain and all other strains fed grain, except the S 5B/P1, had similar body weights at 10 weeks. By 20 weeks, four strains were lighter (P < 0.01) than the Osborne-Mendel rats fed grain. They were the Wistar-Lewis, Hooded, Gray and S 5B/P1. In all the male groups fed the high fat ration, Osborne-Mendel rats were heavier than rats of other strains (P < 0.01), except for Sprague-Dawley rats (table 2) . Two strains (Gray and S 5B/P1) of female rats fed the high fat ration for 10 weeks, and all strains of female rats fed the high fat ration for 20 weeks, were significantly lighter than the OsborneMendel female rats fed the high fat ration (P<0.01, table 2). Osborne-Mendel rats of both sexes fed grain for 10 or 20 weeks, were not signifi cantly different in percentage of body fat from any of the other strains of rats (P > 0.05, table 3). Although Osborne-Mendel rats fed grain almost always weighed more than cemparable rats of the other strains, the percentage of body fat was intermedi-ate. S 5B/P1 rats always weighed the least and had the lowest percentage of body fat regardless of diet fed. Osborne-Mendel rats fed the high fat ration always had the highest percentage of body fat of any of the strains. Two strains of rats (Gray and S 5B/P1), when fed the high fat ration, consistently had a significantly lower per centage of body fat than the OsborneMendel rats fed the high fat ration (P < 0.01, table 3). Although Wistar-Lewis rats fed the high fat ration were inter mediate among the strains in body weight, they had the second highest percentage of body fat, in most cases not significantly different from the Osborne-Mendel rats Weanling Sprague-Dawley rats and those fed grain had a higher percentage body fat than comparable Osborne-Mendel rats, but the difference was statistically signifi cant only for the weanling rats (P < 0.01, table 3). However, Osborne-Mendel rats fed the high fat ration almost always had a significantly higher percentage body fat than comparable Sprague-Dawley rats (P Within a single strain, the Hoppert rats had the greatest variability in weight gain when fed the high fat ration. Some animals of this strain became very obese while others gained no more weight than the animals fed grain. The range in body weights for Hoppert male rats fed the high fat ration for 20 weeks was 384 to 700 g. This was also reflected in the percentage of body fat (table 3) . Coefficients of vari ability * for percentage of body fat were always highest for the Hoppert rats. These ranged from 0.19 to 0.36. Coefficients of variability for body fat concentration were similar within a single strain for rats fed either ration.
Effect of age and sex on body weight and fat. In all cases, age caused a sig nificant increase in body weight and per centage body fat (P < 0.01, table 4). Weights were statistically different be tween the sexes (P<0.01) but the per centage of body fat was not (P > 0.05, table 4). Body fat increased with age far more rapidly in rats fed the high fat ration than in rats fed the grain ration, causing a statistically significant interaction (table  4) . DISCUSSION Apparently, strain and ration were of approximately equal importance in in fluencing body weight. Within a sex and age, the effects of strain and ration con tributed 40.2 and 39.7%, respectively, of the total variance in body weights. How ever, for the rats studied, the percentage of body fat was influenced more by the type of ration than by the strain. For rats of the same sex and age, the effects of strain and ration contributed 13.5 and 74.2%, respectively, of the total variance in percentage of body fat.
One may infer, in a general sense, that body weight was influenced by genotype and environment nearly equally, but that the percentage of body fat was much more under dietary control.
Feeding the high fat ration caused a 50% gain in body weights of OsborneMendel and Wistar-Lewis rats, approxi mately a 25% gain in body weights of Sprague-Dawley, Hoppert, Hooded and Gray rats and about a 12% gain in body weights of S 5B/P1 males. Females of the S 5B/P1 strain fed the high fat ration weighed no more than the S 5B/P1 females fed grain. The percentage of body fat was 2.5 to 3 times greater for the OsborneMendel and Wistar-Lewis rats fed the high fat ration, 2 to 2.2 times greater for Sprague-Dawley, Hoppert, Hooded and Gray rats and 1.2 to 1.4 times greater for S 5B/P1 rats. When older rats of the Osborne-Mendel and Sprague-Dawley strains were studied there were even greater differences in body weights and body fat (7, 12) . The heaviest strain of rats (Osborne-Mendel) compared to the lightest (S 5B/P1) were, for the grain-fed animals, 50% heavier and, for the rats fed the high fat ration, twice as heavy. The percentage of body fat was 30 to 65% greater in some of the heavier rats fed grain (Osborne-Mendel, Sprague-Dawley) than in the lightest strain (S 5B/P1). When fed the high fat ration, the fattest rats (Osborne-Mendel) had 3.5 times as high a percentage of body fat as the leanest rats (S 5B/P1). The high fat ration exag gerated body weight and body fat differ ences already present in the strains.
The S 5B/P1 rats, which showed the least propensity to deposit body fat, were a cross of the Sprague-Dawley and NIH Black rats. Both of these strains responded to the high fat ration with an increase in percentage body fat (7) . The offspring of this cross possibly had relatively little body fat because the parental strains were homozygous for different pairs of genes af fecting fat deposition or metabolism.
Almost all animals of some strains, e.g., Osborne-Mendel, Sprague-Dawley, WistarLewis and Hooded, were unable to adjust their caloric intake to their energy require ment when the only food available was the high fat ration. Other investigators ob served strain differences in susceptibility cf animals to obesity. Two types of sus ceptibility appear to occur in laboratory animals: one of these is the development of obesity in some strains when animals are fed a high fat ration (8, 9) ; the other is in the development of obesity in other strains when animals are fed a low fat, grain ration (16) (17) (18) (19) (20) .
